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4 /OO 
Provide a first transistor, where the first 
transistor includes a gate electrode, a first 

electrode, and a second electrode which serves 
as an output port of the charge pumping circuit 

J, /402 
Provide a second transistor, vvhere the second 
transistor includes a gate electrode, a first. 

electrode of the first transistor is coupled to the 
gate electrode of the second transistor, and the 

gate electrode of the second transistor is coupled 
to the second electrode of the second transistor 

J, /404 
Provide a first selector coupled between the 

first electrode of the first transistor and a first 
supply voltage to selectively connect the first 

transistor to the first supply voltage 

J, /406 
Provide a second selector coupled between the 
second electrode of the first transistor and a 

second supply voltage to selectively connect the 
first transistor to the second supply voltage 

J, /40s 
Provide a third selector coupled between the 
second electrode of the first transistor and the 
second supply voltage to selectively connect the 
seconu transistor to the seconu supply voltage 

FIG. 4 
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CHARGE PUMP AND 
CHARGING/DISCHARGING METHOD 
CAPABLE OF REDUCING LEAKAGE 

CURRENT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a charge pump, and more 

particularly, to a charge pump and a charging/discharging 
method capable of reducing a leakage current. 

2. Description of the Prior Art 
A phase-locked loop (PLL) generally serves as a clock 

generator or a frequency synchroniZer and is Widely applied 
in electronics and communications devices. The conventional 
PLL includes a phase detector, a charge pump, a ?lter and a 
voltage control oscillator (V CO), Where one input of the 
phase detector is connected to the output of the VCO. The 
other input of the phase detector is connected to a reference 
frequency generator. The output of the phase detector is a 
function of the difference betWeen the phases of the tWo input 
signals and is inputted to the ?lter via the charge pump for 
generating a control voltage, Which is supplied to the VCO. 
When the PLL needs to lock an output frequency of the 

VCO, the charge pump is disconnected from the phase detec 
tor to make the control voltage generated from the charge 
pump/ ?lter maintain a constant value. HoWever, at the time 
the charge pump is disconnected from the phase detector, a 
leakage current of the charge pump Will enter the ?lter and 
change the control voltage of the VCO, resulting in an inac 
curate output frequency of the VCO. In particular, When the 
phase difference betWeen tWo input signals of the phase 
detector is very small, the output frequency of the VCO Will 
be seriously in?uenced. 

SUMMARY OF THE INVENTION 

It is therefore and objective of the present invention to 
provide a charge pump and a charging/discharging method 
Which can reduce a leakage current, to solve the above-men 
tioned problem. 

According to one embodiment of the present invention, a 
charge pump comprises a ?rst transistor, a second transistor, 
and ?rst, second and third selectors. The ?rst transistor 
includes a gate electrode, a ?rst electrode, and a second elec 
trode Which serves as an output port of the charge pump. The 
second transistor includes a gate electrode, a ?rst electrode 
and a second electrode, Where the gate electrode of the ?rst 
transistor is coupled to the gate electrode of the second tran 
sistor, and the gate electrode of the second transistor is 
coupled to the second electrode of the second transistor. The 
?rst selector is coupled betWeen the ?rst electrode of the ?rst 
transistor and a ?rst supply voltage, and is utiliZed for selec 
tively connecting the ?rst transistor to the ?rst supply voltage. 
The second selector is coupled betWeen the second electrode 
of the ?rst transistor and a second supply voltage, and is 
utiliZed for selectively connecting the ?rst transistor to the 
second supply voltage. The third selector is coupled betWeen 
the second electrode of the ?rst transistor and the second 
supply voltage, and is utiliZed for selectively connecting the 
second transistor to the second supply voltage. 

According to another embodiment of the present invention, 
a charging/discharging method capable of reducing a leakage 
current comprises: providing a ?rst transistor, Wherein the 
?rst transistor includes a gate electrode, a ?rst electrode, and 
a second electrode Which serves as an output port; providing 
a second transistor, Where the second transistor includes a 
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2 
gate electrode, a ?rst electrode and a second electrode, 
Wherein the gate electrode of the ?rst transistor is coupled to 
the gate electrode of the second transistor, and the gate elec 
trode of the second transistor is coupled to the second elec 
trode of the second transistor; providing a ?rst selector 
coupled betWeen the ?rst electrode of the ?rst transistor and a 
?rst supply voltage to selectively connect the ?rst transistor to 
the ?rst supply voltage; providing a second selector coupled 
betWeen the second electrode of the ?rst transistor and a 
second supply voltage to selectively connect the ?rst transis 
tor to the second supply voltage; and providing a third selec 
tor coupled betWeen the second electrode of the ?rst transistor 
and the second supply voltage to selectively connect the sec 
ond transistor to the second supply voltage. 

According to the charge pump and the charging/discharg 
ing method, the output of the charge pump Will not be in?u 
enced by a leakage current, and an accuracy of an output 
frequency of the VCO is improved. 

These and other objectives of the present invention Will no 
doubt become obvious to those of ordinary skill in the art after 
reading the folloWing detailed description of the preferred 
embodiment that is illustrated in the various ?gures and draW 
mgs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram illustrating a phase-locked loop (PLL) 
according to one embodiment of the present invention. 

FIG. 2 is a circuit of the phase detector and the charge pump 
shoWn in FIG. 1 according to one embodiment of the present 
invention. 

FIG. 3 is a generaliZed architecture of an exemplary charge 
pump of the present invention. 

FIG. 4 is a ?owchart of charging/discharging steps Which 
can reduce a leakage current according to one embodiment of 
the present invention. 

DETAILED DESCRIPTION 

Please refer to FIG. 1. FIG. 1 is a diagram illustrating a 
phase-locked loop (PLL) 100 according to one embodiment 
of the present invention. The PLL 100 includes a phase detec 
tor 110, a charge pump 120, a loW-pass ?lter 130 and a voltage 
control oscillator (VCO) 140, Where the phase detector 110 
includes tWo AND gates 112, 114 and a selection signal 
generator 116. 

In the operations of the PLL 100, the phase detector 110 
receives a feedback signal Vb” and its inverted signal Vbp, a 
reference signal Vm and its inverted signal Vrp, and a selection 
signal VSEL2 from Which tWo detected signals UP and DOWN 
are generated, Where the selection signal VSEL2 is generated 
from the selection signal generator 116 and is for determining 
Whether the charge pump 120 is connected to the phase detec 
tor 110. Then, the charge pump 120 receives the detected 
signals UP and DOWN to generate a control signal Vml, and 
the loW-pass ?lter 130 ?lters the control signal Vml and gen 
erates a ?ltered control signal Vml'. Finally, the VCO 140 
receives the ?ltered control signal Vml' and generates the 
feedback signal Vb”. 

Please refer to FIG. 2. FIG. 2 is a circuit 200 of the phase 
detector 110 and the charge pump 120 according to one 
embodiment of the present invention. As shoWn in FIG. 2, the 
circuit 200 includes metal-oxide semiconductor (MOS) tran 
sistors M1-M4, a ?rst selector 210 (in this embodiment, a 
transmission gate serves as the ?rst selector 210), a second 
selector 220, a third selector 230, a fourth selector 240 (in this 
embodiment, a transmission gate serves as the fourth selector 
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240), and a selection signal generator 116. The selection 
signal generator 116 includes an inverter 202 and a delay unit 
204, and is used for generating selection signals VSEL, VSELl 
and VSEL2 according to the reference selection signal VSEL. 
The ?rst and the fourth selectors are coupled betWeen the 
transistors M1, M2 and a ?rst supply voltage VDD, respec 
tively, and are both controlled by tWo selection signals VSEL 
and VSELI. The second selector 220 is coupled betWeen the 
transistor M3 and a second supply voltage GND, and serves 
as the AND gate 112 and includes three MOS transistors 
M5-M7 respectively controlled by the selection signal VSEL2, 
the inverted feedback signal Vbp and the reference signal Vm. 
The third selector 230 is coupled betWeen the transistor M4 
and the second supply voltage GND, and serves as the AND 
gate 114 and includes three MOS transistors M8-M10 respec 
tively controlled by the selection signal VSELZ, the inverted 
reference signal Vrp and the feedback signal Vb”. 

The selection signal generator 116 utiliZes the selection 
signal VSEL2 to control the second and the third selectors 220 
and 230, When the selection signal VSEL2 is at a logic “1”, the 
charge pump 120 is connected to the phase detector 110 and 
a capacitor C1 is charged/discharged according to a current 
IUP/IDOWN; When the selection signal VSEL2 is at a logic “0”, 
the charge pump 120 is disconnected from the phase detector 
110, and ideally, the control signal V ZWill maintain a con 
stant value. 

It is noted that, When the selection signal VSEL2 is sWitched 
from logic “1” to logic “0”, the transistor M1 may not be 
completely sWitched off due to a residual voltage at a node 
Nm. In other Words, at this time, the voltage level of the 
control signal Vml may be in?uenced if a tiny current of the 
transistor M1 exists. 

Considering the above-mentioned issue that the transistor 
M1 may not be completely sWitched off, in the circuit 200 of 
the present invention, the delay unit 204 delays the reference 
selection signal VSEL to generate the selection signal VSEL2. 
That is, the selection signal VSEL2 lags behind the selection 
signals VSEL and VSEL 1. Therefore, When the selection signal 
VSEL2 is sWitched from logic “1” to logic “0”, the ?rst and the 
fourth selectors 210 and 240 are sWitched off (the transistor 
M1 is disconnected from the ?rst supply voltage VDD) before 
the second and the third selectors 220 and 230 are sWitched 
off, and no current Will exist in the transistor M1, so a voltage 
level of the control signal Vml Will not be in?uenced even if 
the transistor M1 is not sWitched off completely. 

It is noted that, in the circuit 200, the ?rst and the fourth 
selectors 210 and 240 are the transmission gates Which are 
controlled by both the selection signalsVSEL andVSEL 1. How 
ever, in other embodiments of the present invention, the ?rst 
and the fourth selectors 210 and 240 can be implemented by 
another circuit design such as a single NMOS or PMOS 
transistor Which only needs to be controlled by one of the 
selection signals VSEL and VSELl (i.e., the inverter 202 could 
be removed if only the selection signal VSEL is needed). These 
alternative designs all fall in the scope of the present inven 
tion. 

It is also noted that, in the circuit 200, all the transistors 
M1-M10 are MOS transistors. In another embodiment of the 
present invention, hoWever, the circuit 200 can be imple 
mented by bi-polar junction transistors (BJ Ts) (i.e., the MOS 
transistors M1-M10 are replaced by BJTs). A person skilled 
in this art should understand hoW to utiliZe the BJTs to imple 
ment the circuit in the disclosed design after reading the 
above description, and therefore further description is omit 
ted here. 

Furthermore, in the circuit 200, the transistors M3 and M4 
are optional devices and can be removed from the circuit 200; 
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4 
that is, the transistors M1 and M2 are coupled to the second 
and the third selectors 220 and 230, respectively. In addition, 
the fourth selector 240 is also an optional device and can be 
removed. These alternative designs all fall Within the scope of 
the present invention. 

FIG. 3 is a generaliZed architecture of an exemplary charge 
pump 300 of the present invention. As shoWn in FIG. 3, the 
charge pump 300 includes tWo transistors M1 and M2, a ?rst 
selector 310, a second selector 320, a third selector 330, a 
fourth selector 340 and a selection signal generator 350. The 
selection signal generator 350 generates a ?rst selection sig 
nal VSEL 1 and a second selection signal VSELZ, and utiliZes the 
?rst selection signal VSELl to control the ?rst and the fourth 
selectors to selectively connect the transistors M1 and M2, 
respectively, to a ?rst supply voltage VDD; and utiliZes the 
second selection signal VSEL2 to control the second and the 
third selectors to selectively connect the transistors M1 and 
M2, respectively, to a second supply voltage GND. The 
operations of the circuit 300 are similar to circuit 200 shoWn 
in FIG. 2. A person skilled in this art should therefore under 
stand the operations of the circuit 300 after reading the above 
descriptions regarding the circuit 200 shoWn in FIG. 2. Fur 
ther descriptions are omitted here for brevity. 

Please refer to FIG. 4. FIG. 4 is a ?owchart of charging/ 
discharging steps Which can reduce a leakage current accord 
ing to one embodiment of the present invention. Referring to 
the circuit 300 shoWn in FIG. 3 and the ?oWchart shoWn in 
FIG. 4, the method is as folloWs: 

Step 400: provide a ?rst transistor, Where the ?rst transistor 
includes a gate electrode, a ?rst electrode, and a second elec 
trode Which serves as an output port; 

Step 402: provide a second transistor, Where the second 
transistor includes a gate electrode, a ?rst electrode and a 
second electrode, the gate electrode of the ?rst transistor is 
coupled to the gate electrode of the second transistor, and the 
gate electrode of the second transistor is coupled to the second 
electrode of the second transistor; 

Step 404: provide a ?rst selector coupled betWeen the ?rst 
electrode of the ?rst transistor and a ?rst supply voltage to 
selectively connect the ?rst transistor to the ?rst supply volt 
age; 

Step 406: provide a second selector coupled betWeen the 
second electrode of the ?rst transistor and a second supply 
voltage to selectively connect the ?rst transistor to the second 
supply voltage; and 

Step 408: provide a third selector coupled betWeen the 
second electrode of the ?rst transistor and the second supply 
voltage to selectively connect the second transistor to the 
second supply voltage. 

Brie?y summarized, according to the charge pump and the 
charging/ discharging method, the output of the charge pump 
Will not be in?uenced by a leakage current, and an accuracy of 
an output frequency of the VCO is improved. 

Those skilled in the art Will readily observe that numerous 
modi?cations and alterations of the device and method may 
be made While retaining the teachings of the invention. 

What is claimed is: 
1. A charge pump, comprising: 
a ?rst transistor; 
a second transistor, including a gate electrode, a ?rst elec 

trode and a second electrode, Wherein a gate electrode of 
the ?rst transistor is coupled to the gate electrode of the 
second transistor, and the gate electrode of the second 
transistor is coupled to the second electrode of the sec 
ond transistor; 
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a ?rst selector, coupled between a ?rst electrode of the ?rst 
transistor and a ?rst supply voltage, for selectively con 
necting the ?rst transistor to the ?rst supply voltage; 

a second selector, coupled betWeen a second electrode of 
the ?rst transistor and a second supply voltage, for selec 
tively connecting the ?rst transistor to the second supply 
voltage; 

a third selector, coupled betWeen the second electrode of 
the ?rst transistor and the second supply voltage, for 
selectively connecting the second transistor to the sec 
ond supply voltage; and 

a selection signal generator, coupled to the ?rst, the second 
and the third selectors, for generating at least a ?rst 
selection signal and a second selection signal according 
to a reference selection signal, utiliZing the ?rst selection 
signal to control the ?rst selector, and utiliZing the sec 
ond selection signal to control the second and the third 
selectors. 

2. The charge pump of claim 1, Wherein the selection signal 
generator comprises: 

a delay unit, having a ?rst end coupled to the reference 
selection signal and a second end coupled to the second 
and the third selectors, for making the second selection 
signal lag behind the ?rst selection signal. 

3. The charge pump of claim 1, further comprising: 
a fourth selector, coupled betWeen the ?rst electrode of the 

second transistor and the ?rst supply voltage, for selec 
tively connecting the second transistor to the ?rst supply 
voltage. 

4. The charge pump of claim 3, Wherein the selection signal 
generator is further coupled to the fourth selector, and the 
selection signal generator utilizes the ?rst selection signal to 
control the fourth selectors. 

5. The charge pump of claim 4, Wherein the selection signal 
generator comprises: 

a delay unit, having a ?rst end coupled to the reference 
selection signal and a second end coupled to the second 
and the third selectors, for making the second selection 
signal lag behind the ?rst selection signal. 

6. A charging/discharging method capable of reducing a 
leakage current, comprising: 

providing a ?rst transistor, Wherein the ?rst transistor 
includes a gate electrode, a ?rst electrode, and a second 
electrode Which serves as an output port; 

providing a second transistor, Where the second transistor 
includes a gate electrode, a ?rst electrode and a second 
electrode, Wherein the gate electrode of the ?rst transis 
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tor is coupled to the gate electrode of the second tran 
sistor, and the gate electrode of the second transistor is 
coupled to the second electrode of the second transistor; 

providing a ?rst selector coupled betWeen the ?rst elec 
trode of the ?rst transistor and a ?rst supply voltage to 
selectively connect the ?rst transistor to the ?rst supply 
voltage; 

providing a second selector coupled betWeen the second 
electrode of the ?rst transistor and a second supply volt 
age to selectively connect the ?rst transistor to the sec 
ond supply voltage; 

providing a third selector coupled betWeen the second elec 
trode of the ?rst transistor and the second supply voltage 
to selectively connect the second transistor to the second 
supply voltage; and 

providing a selection signal generator Which is coupled to 
the ?rst, the second and the third selectors, for generat 
ing at least a ?rst selection signal and a second selection 
signal according to a reference selection signal; 

utiliZing the ?rst selection signal to control the ?rst selec 
tor; and 

utiliZing the second selection signal to control the second 
and the third selectors. 

7. The method of claim 6, Wherein the step of generating at 
least the ?rst selection signal and the second selection signal 
according to the reference selection signal comprises: 

providing a delay unit having a ?rst end coupled to the 
reference selection signal and a second end coupled to 
the second and the third selectors to make the second 
selection signal lag behind the ?rst selection signal. 

8. The method of claim 6, further comprising: 
providing a fourth selector coupled betWeen the ?rst elec 

trode of the second transistor and the ?rst supply voltage 
to selectively connect the second transistor to the ?rst 
supply voltage. 

9. The method of claim 8, further comprising: 
utiliZing the ?rst selection signal to control the fourth 

selectors. 
10. The method of claim 9, Wherein the step of generating 

at least the ?rst selection signal and the second selection 
signal according to the reference selection signal comprises: 

providing a delay unit having a ?rst end coupled to the 
reference selection signal and a second end coupled to 
the second and the third selectors to make the second 
selection signal lag behind the ?rst selection signal. 

* * * * * 


